This paper reports the histopathological responses of the gill, liver and tail muscle tissues in tadpoles of the Asian Common Toad Duttaphrynus melanostictus (Schneider, 1799) exposed to chlorpyrifos a common organophosphorus pesticide. Tadpoles of Gosner stages 24-26 were continuously exposed to low, mid and high (500, 1000 and 1500 µgl -1 ) concentrations of chlorpyrifos for two weeks. Histological alterations in the tissues of the surviving larvae were microscopically examined both at the end of the exposure period and after a week following the final exposure. Several histological alterations were noted in the gills, liver and tail muscles of the larvae exposed to 1500 µgl -1 of chlorpyrifos. The gills of exposed larvae showed architectural distortion resulting from reduced primary and secondary gill lamellae and blood vessels, and alterations in the gill epithelium. In the liver sinusoidal congestion and dilation, cytoplasmic vacuolation and changes in hepatocytes such as hyperchromatic nuclei and nuclear fragmentation were observed. The tail muscle tissue suffered from severe atrophy and myotomal disintegration. Although histological alterations in the gill and liver tissues were noted only at the high concentration, changes in the muscle tissue i.e. muscle degeneration and atrophy, were apparent at both low and mid concentrations. The degree of damage in surviving larvae in a week following the final exposure was lower than that observed during the exposure, probably indicating recovery or resistance. The findings of the present study emphasize the need to investigate possible sublethal damage induced by pesticides in amphibians inhabiting agricultural habitats.
Introduction
It is widely accepted that intensive use of pesticides has detrimental consequences on aquatic organisms found in agricultural landscapes. Amphibians are known to be particularly susceptible to the adverse effects of pesticides (Rouse et al., 1999) . Studies have shown that exposure to pesticide residues may result in direct mortality of amphibian larvae, whilst at the same time causing growth impairments, delays in development, and alterations in behavior and histopathological changes in tissues (Bridges, 1997; Kamrin, 1997; Young et al., 2001; Sumanadasa et al., 2008) . Histopathological responses of aquatic organisms have been used as an effective early warning tool in ecological risk assessment (Adams et al., 1996; Neskovic et al., 1996) . Although a considerable amount of information is available on mortality and growth relatively few studies have focused on histopathology of organisms exposed to environmental contaminants. Studies on effects of pollutants on amphibians are particularly relevant to Sri Lanka, a global amphibian hotspot harboring 2 % of the world's amphibians (Pethiyagoda and Manamendra-Archchi, 2006) . Several species in the island have already become extinct and many species have experienced population declines and range reductions (IUCN, 2007) . The widespread application of pesticides and herbicides in the plantation sector has been implicated as a possible cause (Pethiyagoda and ManamendraArchchi, 2006) . The organophosphorus pesticide, Chlorpyrifos (O,O-diethyl O-3,5,6-trichloro-2-pyridyl phosphorothioate) , is one of the most commonly used pesticides in Sri Lanka for the control of pests in rice, but is also used for other vegetable crops such as bean, pigeon pea, coconut and potato plantations. Our broad aim was to investigate the potential toxicity of the commercially available product of chlorpyrifos on larvae of a selected amphibian species in Sri Lanka. In our first paper we provide evidence that chlorpyrifos induces significant elevations in mortality and causes retardations in growth and development in tadpoles of the Asian Common Toad Duttaphrynus melanostictus (Wijesinghe et al. 2011) . In this paper we examine the potential of chlorpyrifos to induce histologial alterations in vital tissues of larvae of the same species. The study species D. melanostictus is frequently found in association with human-altered habitats such as agricultural landscapes and urban settings in Sri Lanka. In general, breeding commences with the onset of the monsoons, but breeding may occur at any time of the year. The eggs are generally laid in running water, although they may breed in tanks, temporary or permanent ponds and pools (Kirtisinghe, 1955) . Tadpoles of this species are easily reared under laboratory conditions. The occurrence of this species in many other South Asian countries makes the results of the present study widely applicable.
Methodology
Tadpoles of D. melanostictus corresponding to Gosner stages 24-26 were simultaneously collected from three garden ponds in the Colombo city where no pesticides were used. A commercial formulation of chlorpyrifos (Pattas) was purchased from Harcros Company Ltd, Colombo. Because there were no recorded field levels of chlorpyrifos in Sri Lanka, selection of pesticide concentrations for the exposure trials were based on laboratory investigations conducted elsewhere (Bonfanti et al., 2004; Gallo-Delgado et al., 2006) . Accordingly, low, mid and high concentrations of chlorpyrifos (500, 1000 and 1500 µgl -1 ) were selected for the experiments. A stock solution was initially prepared and appropriate volumes were then added to glass tanks containing 2 L of tap water. Each tank contained 18 larvae and both treatment and control (without pesticides) tanks were maintained in triplicate. The larvae were fed daily with commercially available fish food pellets (FRF Aquatic Pet Shop, Colombo, Sri Lanka).
Experiments were carried out for three weeks (21 days) with two weeks of continuous exposure to chlorpyrifos and for a further one week after the final exposure. This period was selected because many small-scale farmers in a particular area apply pesticides to their paddy fields at different times over approximately two-to-three weeks. The streams near paddy fields would therefore receive pesticidecontaminated water via surface runoff repeatedly over this period. The half-life of chlorpyrifos in water at pH 7.0 and 35 o C is 12 days but increases to 35 days at 25 o C (Miles et al., 1983) . During the two weeks of exposure water was changed every three days and pesticide concentrations were renewed with each water change following Sumanadasa et al., 2008 , whilst only water was renewed in the week following the final exposure.
At the end of the exposure period of two weeks and after one week following the final exposure surviving three tadpoles each from treatment and control tanks were randomly collected and fixed in Zenker fixative overnight. Larvae were dehydrated in a graded alcohol series and embedded in paraffin. Longitudinal sections of 8µm thickness were prepared using a Rotary microtome (YAMATO, Tokyo, Japan), and stained with Haematoxylin and Eosin. Slides were examined under a light microscope (Student microscope, Nikon, Tokyo, Japan) and changes were noted. Images were taken under the phase contrast microscope (Nikon -1001v, Tokyo, Japan). Five random locations of each section obtained from one tadpole were examined and the damage to the tissue was ranked as no damage, minor damage and severe damage. Epithelial thickness of the gill tissue was also measured using a graticule.
Results
The examination of tissue samples from gills, liver and tail muscles showed that chorpyrifos has the capacity to induce histopathological changes in all three tissues of D. melanostictus tadpoles at concentration of 500 µg l -1 and above. The histopathological changes in each of these tissues are as follows.
Gill tissue
The gill tissue of tadpoles in general consists of well-structured primary and secondary gill lamellae. This is evident in the gill tissues of the larvae not exposed to chlorpyrifos (control). However, as shown in Figure 1 , continuous exposure to the pesticide for two weeks caused architectural distortion of the gill tissue of the exposed larvae. The primary and secondary gill lamella in exposed larvae were much reduced or were completely absent in certain sections of the gill arch. Where present the gill lamellae were less defined and smaller compared to that of the control larvae. The gills of the control larvae were also more compact and filled with prominent blood vessels, whereas in the gills of the treated larvae the blood vessels were noticeably reduced. Greater vesicularisation was also apparent in larvae exposed to the pesticide in comparison to that of the control larvae. Furthermore, thickening of the epithelial lining of the treated larvae was notable. The overall changes to the gills were assessed and ranked taking into consideration the magnitude of damage. All tadpoles exposed to 1500 µgl -1 for two weeks suffered severe damage. At 1000 µgl -1 nearly half of the larvae suffered from minor damage of the gill tissue while the remaining larvae showed no signs of damage. No damage was apparent in gill tissues of larvae exposed to the lowest concentrations. The thickness in the epithelium of the control larvae was 0.0019 mm whilst that of the larvae exposed to 1500 µg l -1 was 0.0046 mm (n=10 tadpoles per treatment or control). Oedematous changes were also evident in exposed tadpoles after two weeks of exposure (Figure 2) . Oedema in the gill lamellae also caused epithelial sloughing and detachment in larvae exposed to chlorpyrifos.
Figure 1: Histopathological responses of the gill tissues of (i) control larvae and (ii) D. Melanostictus larvae exposed to 1500 µgl-1 of chlorpyrifos. Note prominent gill lamella in control larvae and reduced gill lamella in treated larvae (Magnification x100).
Figure 2: Changes in the structure of the gill of D. melanostictus larvae (i) normal gill in control larvae and (ii) reduced gill tissue and oedema (O) in larvae exposed to 1500 µgl-1 of chlorpyrifos (Magnification x 400).
A notable observation with respect to gill damage was that, larvae exposed to the highest concentration continuously for two weeks exhibited greater distortion of gill architecture than the few surviving larvae, after one week of the final exposure. After a recovery period of one week, the primary and secondary gill lamellae were more numerous than at two weeks of continuous exposure.
Liver tissue
The liver tissue of the larvae not exposed to pesticides exhibited the typical paranchymatous appearance, whereas the liver tissue of the treated larvae suffered loss of cellular integrity (Figure 3) . The liver tissue of those exposed to chlorpyrifos showed sinusoidal congestion, which is the collection of an excessive amount of blood within the sinusoid (Hibiya, 1982) resulting in the dialation of the sinusoids. The hepatocytes of treated larvae had marked cytoplasmic vacuolations and enlarged hyperchromatic nuclei and displayed nuclear fragmentation (Figure 4) . Cellular oedema was also evident in the tissues of exposed tadpoles.
Figure 3: Liver tissues of (i) normal D. melanostictus tadpoles and (ii) tadpoles exposed to 1500 µgl-1 of chlorpyrifos. Note the intercellular spaces in liver of exposed larvae (Magnification x200).
As with the gill, the overall damage of the live tissue was assessed and ranked. The liver tissue of all tadpoles exposed to 1500 µgl -1 for two weeks suffered severe damage while those exposed to both 500 and 1000 µgl -1 showed no signs of any damage and the liver tissue of these tadpoles were comparable in structure to those of the control. As with the gill, signs of recovery were noted in the liver tissues of the O surviving larvae after three weeks, i.e. one week after the final exposure, with lower vacuolation and sinusoidal congestion and lesser number of hyperchromatic and fragmented nuclei as compared to that observed at the end of the two weeks of continuous exposure.
Figure 4: Histological alterations in the liver tissues of D. melanostictus larvae induced by chlorpyrifos exposure. (i) normal hepatocytes and (ii) hapatocytes in tissues of larvae exposed to 1500 ugl-1 of chlorpyrifos showing enlarged hyperchromatic and fragmented nuclei (Magnification x1000).
Tail muscle tissue
It is apparent that exposure to chlorpyrifos caused excessive damage to the larval muscle tissues. In the unexposed larvae (control) lengthy myotomes were oriented in an orderly manner parallel to the notochord and were attached at regular intersomatic boundaries ( Figure 5 ). The muscles in the control larvae were compact with few spaces in between the myotomes. In contrast, the muscle tissues of the larvae exposed to chlorpyrifos, the myotomes showed fiber atrophy, where the number and volume of cells was greatly reduced. Large myotomal spaces were also evident in the treated larvae. The degenerated muscle bundles were oriented in different directions, thus resulting in architectural distortion of the muscle tissues in the treated larvae.
In contrast to both the gill and liver tissues, a progressive increase in disintegration and distortion of myotomes were noted from 500 to 1500 µgl -1 . Considering damage to the muscle tissue, it was noted that all examined larvae showed severe damage at the highest concentration of 1500 µgl -1 whilst at 1000 µgl -1 only around 40 % showed severe damage whilst the reaming proportion showed minor damage. At 500 µgl -1 75 % showed minor whilst the balance 25 % showed no signs of damage. Nevertheless, comparing the damage observed in the tail muscle tissue at two weeks of continuous exposure to chlorpyrifos with that a week later with no exposure, it was apparent that the damage in the latter instance was lower, a trend that was noted for both gill and liver tissues.
Discussion
Histopathological changes are considered an essential biomarker, because they indicate the levels of exposure to environmental contaminants (Rousseaux et al., 1995) . The present study clearly demonstrates that the organophosphorous pesticide chlorpyrifos has the potential to induce histopathological changes in tissues of the larvae of the Asian Common Toad Duttaphrynus melanostictus. Examination of the gill, liver and muscle tissues of the larvae exposed to 1500 µgl -1 of chlorpyrifos showed that these organs had undergone severe histological alterations while damage of a lower magnitude was noted at the mid and low concentrations. Previous studies investigating the effects of pesticides on gill tissues of aquatic organisms report that gills are highly susceptible to damage by such environmental pollutants (e.g. Tommaso, 1986) . Gill morphology is therefore considered as a good indicator of the general health of aquatic animals (Peters et al., 1984) . In the present study, the gill tissue of larvae exposed to 1500 µgl -1 of chlorpyrifos had undergone extensive damage, with architectural distortion due to the reduction in the primary and secondary gill lamella, detachment and thickening of its epithelial lining and a marked reduction in the number and size of blood vessels. Oedematous changes were also evident. Similar structural changes in gills have been also shown in the fish Clarias gariepinus when exposed to a glyphosate herbicide (Olurin et al., 2006) and in tadpoles of Scinax nasica as a result of paraquat exposure (Lajmanovich et al., 1998) .
Structural aberrations of the gill would no doubt cause serious changes in the respiratory potential of exposed organisms (Kendall and Dale, 1979) . Thickening of the epithelial lining increases the distance between water and blood across which oxygen is diffused, ultimately resulting in a reduction in oxygen uptake (Nowak, 1992) . A prominent reduction in blood vessels induced by pesticide exposure would restrict blood supply to the gills, also affecting the rate of gaseous exchange. The apparent oedematous changes, observed after two weeks of exposure to chlorpyrifos, in the present study, have been attributed to the increase in capillary permeability (Roberts, 1978) , which also affects the normal rate of respiration (Skidmore and Tovell, 1972) . Bufonid tadpoles are essentially obligate gill breathers and have rudimentary lungs throughout most of their larval development. In contrast to bufonids, other genera such as Hyla and Rana, have well-developed lungs from an early larval stage. Therefore the tadpoles of the latter genera, unlike in the case of the bufonids, could compensate for the damage caused to gills (Ultsch et al., 1999) . It is very likely that such alterations in the gill tissue induced by chlorpyrifos at 1500 µgl -1 may have caused respiratory stress and hence high levels of mortality observed in the tadpoles exposed to chlorpyrifos in the present (Wijesinghe et al., 2011) .
The liver, because of its unique metabolic capability, is a prime target of most toxicants (Hopwood et al. 2004 ). In the case of chlorpyrifos an investigation on rats has suggested that the liver is the main target organ of chlorpyrifos toxicity (Zama et al., 2005) . The detoxification process of chlorpyrifos and chlorpyrifos-oxon occurs predominantly in the liver and plasma of animals (ATSDR, 1997; FAO/WHO, 1999), most likely inducing histopathological changes in this organ. Sinusoidal dilatation and congestion in the liver tissue observed in D. melanostictus larvae observed in the present study are very likely caused by the impairment of venous outflow of the hepatic veins (Tanaka and Wanless, 1998) . According to Olurin et al. (2006) when the liver is damaged excessive amounts of blood flows into the liver blocking the sinusoids. Thus the blood flow from the hepatic artery and veins into the central vein, and the sinusoids are dialated in order to facilitate this blood flow. Sakr et al. (2001) in a study where catfish Clarias gariepinus were exposed to another organophosphorus insecticide hostathion has made similar observations. Desai et al. (1984) and Kent et al. (1988) have also observed cytoplasmic vacuolation and hyperchromatic nuclei in hepatocytes of the amphibian larvae that were exposed to high concentrations of chlorpyrifos. Vacuolation generally results from degeneration of the cell membrane (Olurin et al., 2006) . In the case of the damage to hepatocytes, Michael et al. (1988) state that hepatocytes with hyperchromatic nuclei could be taken as an indication of the exposure of the liver to toxicant-carcinogens. Hepatocytes are the most abundant cell types within the liver and perform most of the liver's essential functions such as the conversion of glucose to glycogen, regulation of lipids and deamination of amino acids (Wright et al., 2004) . Structural damage of hepatocytes in response to xenobiotics such as pesticides can result in the impairment of liver function (Hopwood et al., 2004) .
The tail muscle tissue of the tadpoles was also subject to histopathological alterations as a result of exposure to chlorpyrifos. Muscle fiber atrophy i.e. the reduction in size and number of myotomes, was the most notable aberration in the present study. These observations comply with those of other studies conducted with organophosphorus insecticides. For instance Xenopus laevis tadpoles exposed to chlorpyrifos and malathion showed complete distortion of myotomes (Bonfantia et al., 2004) . They further observed that myocytes were pointed in different directions with no clear cellular boundaries. Hayes (1982) observed necrosis and the swelling and loss of striations of myofibers of rat skeletal muscles after administration of an organophosphate compound. AchE inhibition is the primary mode of toxicity of organophosphorus pesticides and which in tail muscles typically cause repeated firing and hence continuous contraction of tail muscles fibres (Lieu et al., 1997) and thus muscular damage. The atrophy of muscles is also caused by necrosis of muscle fibres, which in mammals is mediated by calcium mobilization (Leonard and Salpeter, 1979) . The collapse of the trans-membrane protein complex between myotomes may also have contributed to the loss of connectivity between the myotomes (Peng and Chen, 1992) .
Despite the severity of the histopathological damage caused to the gills, liver and tail muscle tissues of the exposed larvae at the end of two weeks of continuous exposure, it was interesting to note that the larvae surviving this exposure did not display extensive damage to the three tissues examined. This could be a result of either recovery from damage or as a result of being resistant to damage, both of which have been shown to occur in amphibians and other aquatic organisms. A study conducted by Honrubia et al., (1993) reports that damage to the gill epithelium and gall-bladder of Rana perezi exposed to a carbamate insecticide was reversed after a few days. Sancho et al. (1997) noted that most of the metabolic disorders in the European eel (Anguilla anguilla) exposed to the organophosphate pesticides fenitrothion, did not persist when allowed to recover in clean water for less than a week. In the present study too tadpoles were kept in clean water for a week after the final exposure. Although potential for recovery has been demonstrated through empirical trials, it has been argued that non-target organisms inhabiting aquatic systems associated with agricultural landscapes are often exposed to pesticides for several consecutive months (Gruber and Munn, 1998) . In Sri Lanka since a given area typically contains many small paddies, with several local farmers using different application regimes, the shallow streams that drain the paddies repeatedly receive contaminated surface runoff. This being the case, recovery from damage would not be possible under field conditions. The lower degree of damage in tadpoles that have been kept in pesticide-free water for a week might also suggest some degree of resistance. The relative insensitivity of tadpoles to organophosphorus pesticides has been shown by Snawder and Chambers (1989) and is ascribed to either the resilience of AchE (Shapira et al. 1998) or the reduction in glutathione content and the increase in glutathione transferase activity (Anguiano et al., 2001) .
Conclusion
In conclusion the present study which shows that chlorpyrifos induces histopathological responses in important organs such as the gill, liver and muscles in amphibian larvae emphasizes the need to focus on non-lethal effects of continuous exposure of non-target organisms to pesticides. Although the impact on mortality and development are typically used to ascertain the susceptibility of organisms to environmental pollutants, assessing sub-lethal effects such as histological alterations would also be essential to accurately estimate their potential risks on biotic communities.
